This study has used RUSLE model factors within a GIS component to evaluate eroded soil and developed viable agricultural practices scenarios to reduce soil loss in Buyo Lake catchment in the Western region of Côte d'Ivoire. Consequently, five study cases were tested as following: scenario 1-association of dense forest and crops with a high percentage of mulch; scenario 2-corn and sorghum combination by considering a high yield without conventional tillage; scenario 3-establishment of an herbaceous meadow; and scenario 4-association of palm, coffee, and cocoa with green cover. Scenario P was the setting up of straw mulch after corn or sorghum harvest. The erosion map resulting from these study cases showed by estimation, an average of soil loss of about 95 t/ha/year. The respective values obtained for the scenarios 1, 2 and 3 are 28 t/ha/year, 66 t/ha/year and 30 t/ha/year. This indicates a decrease of 68%. By scenario 4, the estimated average was 2 t/ha/year corresponding to a decrease of 98%. The combination of scenario 2 with scenario P gave soil losses average of 5 t/ha/year, i.e. a 95% reduction. This study shows that the association of palm, coffee, and cocoa with green cover would be very effective in reducing soil loss.
Introduction
Land is one of the main natural resources related to all human activities and How to cite this paper: Koua, J.-J. T., Anoh, A. K., Soro, D. T., Kouame, J. K., & Jourda, R. J. P. (2019) . Evaluation of Agricultural Practices Scenarios for Reducing Erosion in Buyo Lake Catchment (Sassandra; Côte d'Ivoire) by Use of GIS. Journal of Geoscience and Environment Protection, 7, [154] [155] [156] [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] [171] https://doi.org/10. 4236/gep.2019.77011 sustains development in many countries of the world (Jiang et al., 2014) . Thus, rational utilization of the land resource is considered as one of the key conditions for country development. However, today, one notices that land is under threats because of its degradation in the past as well as in the present years (Xu et al., 2012) . So that it is important to consider soil erosion as the most serious form of land degradation around the world (Nekhay et al., 2009; Zhang et al., 2010) . Because of the galloping urbanization, one is faced with overgrazing, forest destruction and intensive agriculture (DeMeyer et al., 2011) . In many areas of the world, the erosion phenomenon has many impacts on land resources. These impacts include water pollution, reservoir sedimentation, degradation of aquatic habitats, the increased cost of water treatment and agricultural production decrease (Park et al., 2011) . In tropical areas, erosion by water is a major phenomenon causing land degradation and declining agricultural productivity (Aké et al., 2012) . Consequently, the problem of erosion by water is mobilizing the scientific community to find solutions capable of ensuring soils conservation. However, the methods and models used to assess soil erosion have shown in many cases some limitations due to measurement techniques and models (Mbugua, 2009 ). The advent of new techniques of erosion assessment such as remote sensing and geographic information systems (GIS) allows improving erosion and sediment delivery models. Thus, the prioritization of lands according to their vulnerability to erosion, as well as the development of regional erosion models (Bou et al., 2001; Yjjou et al., 2014) , is among the strategies used. In Cote d'Ivoire, the first investigations carried out have analyzed various processes of erosion and erosion control methods. Then, the interest was focused on mapping erosion by water risk (N'go, 2000; Kouadio et al., 2007; N'Dri et al., 2008; Koua, 2014) . The recent studies in the watershed of Buyo Lake (West of Côte d'Ivoire), an area with intensive agricultural activities (Koua et al., 2014a) with a coverage rate of over 42%, have highlighted that this area is under threat from erosion by water (N'go, 2000; Kouadio et al., 2007; N'Dri et al., 2008; Koua, 2014) ; and that there is a veritable issue of water quality in this river basin, especially in Buyo Lake area. The intensification in agriculture has followed population growth (Koua et al., 2013) , and growing of fertilizer and pesticides application (Yapo, 2002) to sustain yields. The leaching phenomena and soil erosion that follow are hypothesized as being responsible for the eutrophication of Buyo Lake and agricultural production decrease (Yapo, 2002) .
To deal with this situation, this study based upon RUSLE (Revised Universal Soil Loss Equation) model factors, agricultural practices, land conservation scenarios and Geographic Information System (GIS) technics (Dumas, 2010; Hassan et al., 2013) has been conducted. The objective of this work was to develop agricultural practices scenarios with the aim to reducing soil losses in areas with high risk of erosion.
Materials and Methods

Materials
The data used in this study is composed of Digital elevation model, Climate data, Soil data and Land use data.
The field data required for the modeling (flow length, slope gradient, etc.) were all extracted from a DEM. The DEM is from the UTM projection, Zone 30, Northern Hemisphere resolution of 90 m. These were obtained by downloading from Figure 1 . Buyo Lake catchment (Tagini, 1972 modified (Koua et al., 2013) . The land use data helped to estimate cover management factor.
Methods
Model Description
The RUSLE soil erosion model is used to estimate soil erosion intensity in a catchment. The RUSLE model is based on the USLE erosion model structure which was developed by Wischmeier and Smith (1978) , and improved and modified by Renard et al. (1997) . Five parameters are used in the RUSLE model to estimate soil loss. These are rainfall Erosivity (R), soil erodability (K), slope length and steepness factor (LS), cover management factor (C), and conservation practice factor (P). Referring to the RUSLE model, the relationship is expressed, as following:
where A (t•ha −1 y −1 ) is the estimated spatial average of total soil loss per year; R (MJ•mmha −1 h −1 y −1 ) is the rainfall erosivity factor; K (t•ha −1 MJ −1 mm −1 •ha•h) is the soil erodability factor; LS is the slope length and steepness factor (dimensionless); C is the land surface cover management factor (dimensionless); and P is the erosion control conservation practice factor (dimensionless).
Erosion Factors Calculation
Rainfall erosivity factor (R)
The rainfall Erosivity factor indicates the erosive force of a specific rainfall Prasannakumar et al., 2012) . The relationship between rainfall Erosivity and rainfall developed by Yu and Rosewell (1996) was used to convert the monthly rainfall values to rainfall Erosivity.
The calculation was as follows:
Erosivity values between the rainfall stations were estimated by the use of inverse distance weighting (IDW) interpolation.
Soil erodibility factor (K)
Soil erodibility is, in part a function of its physical properties, texture and structure. The soil resistance to erosion by water is lower for shallow soils as deep soils (Ryan, 1982) . The determination of K erodibility factor has been possible due to the size analysis of five major soil types (ferric acrisols, humic ferralsols, eutric cambisols, orthic acrisols and ferralic cambisols) from FAO's database.
FAO sizes data were supplemented by analyzes of soil samples obtained in the field. The particle size through the textures triangle allows determining soil texture. The work of Stone and Hilborn (2000) were used to determine the K factor.
Slope length and steepness factor (LS)
The slope and steepness factor (LS) is a combination of slope steepness and slope length, to a high degree affecting the total sediment yield from site. Prasannakumar et al. (2012) and other soil cover surface on soil erosion. The value of C-factor is defined as the ratio of soil loss from a certain kind of land surface cover condition (Wischmeier & Smith, 1978) . The C-factor of the watershed varies from 0.001 to 0.5 with the highest values in high farming area. Based on the land use map, Roose (1977) , Wischmeier & Smith (1978) , and Omuto (2008) calculated the C-factor in tropical areas (Table 1) .
Conservation practice factor (P)
The conservation practice factor (P) is also called as support factor. It represents the soil loss ratio after performing a specific support practice to the corresponding soil loss, which can be treated as the factor representing the effect of soil and water conservation practices (Renard et al., 1997; Omuto, 2008) .
The range of P factor varies from 0 to 1. The lower the value is, the more effective the conservation practices are.
Soil loss estimation
In order to estimate annual soil loss, the five factors were multiplied according to the relationship in RUSLE model. The soil loss was classified into soil erosion risk maps with five different soil erosion risk levels according to Bamutaze (2010) ( Table 2) .
Validation of soil loss and erosion risk maps
Various methods have been used to validate the results of this type of approach, for example: measurement of sediment accumulation in a reservoir, measurement by radioactive tracers and magnetic susceptibility of sediments or direct confrontation with reality on the ground according to adapted visual criteria Bou et al., 2001; Aké et al., 2012) . From this point of view, we have adopted the last technique. Because of the lack of experimental work that is difficult to carry out in the field according to the spatial variability of the physical characteristics over large areas of the basin, these changes were recorded as following:
Very low-areas where plant roots are almost completely covered. The vegetation cover is continuous, whether it is forests, thickets, savannah or a simple mulch. Erosion and runoff remain very low despite the aggressiveness of the rains and the inclination of the slope.
Low-areas where the roots of the plants are removed by less than 5 cm and where the gullies are less than 5 cm deep and a width of 10 cm.
Moderate-bare tree roots from 5 to 10 cm and residual soil mounds 15 cm high with ravines 10 cm deep and 20 cm wide.
High-roots of bare trees of more than 15 to 20 cm, pedicles of erosion (columns of earth protected by stones) more than 15 cm in height and gullies exceeding 30 cm of depth.
Very high-bare tree roots of more than 20 cm, erosion pedicles (columns of earth protected by stones) more than 20 cm in height, gullies more than 50 cm deep spreading over lengths of more than 10 m. Depending on the degree of degradation caused to soil types. The rate of good agreement between the map thus produced and the reality of the terrain is close to 70%. Analysis of agricultural practices scenarios impacts After the modeling of soil losses in Buyo watershed, it was important to design scenarios for farming practices that could be used to reduce soil loss and ensure agricultural productivity for the fight against poverty. When a plant poorly covers the ground, temporarily or continuously, it is possible to associate crops in order to protect soil surface. As part of soil protection against erosion by water, several processes of agricultural practices exist. However, in this study, we examined the association of crops. This method has already been used by Jebari and Bensalah (2014) . Several scenarios of agricultural practices were used for this purpose. Scenario 1 corresponds to the association of dense forest and crops with a high percentage of mulch; Scenario 2 is the corn and sorghum combination by considering a high efficiency without conventional tillage; Scenario 3 is an herbaceous meadow and Scenario 4 which corresponds to palm, coffee and cocoa with mulch association. A conservation practice scenario has subsequently been used in this study. This is the scenario P corresponding to the establishment of a straw mulch.
The application of scenario 1 was to replace the strong farming areas (AGRR) subject to a high risk of erosion by dense forest and crops with a high percentage of mulch. In practice, first of all, it is acted to replace the value of the AGRR C-factor by those related to scenario 1 which is about 0.001 (Roose, 1977; Wischmeier & Smith, 1978) . Then the soil losses are recalculated with that value. The application of scenarios 2, 3 and 4 follows the same principle. After that, the scenario P was applied by associating it with the scenario 2 as less effective compared to other scenarios. The use was to replace the value of P factor equal to 1 (Fournier, 1967; Roose & Sarrailh, 1990 ).
Results
The rainfall Erosivity of the study area varies between 1104 and 2342 MJ mm ha −1 h −1 y −1 . The Northwestern part of the study area has the highest rainfall Erosivity values. All soils of the study area have K erodibility factor between 0.01 and 0.04 (t•ha•h −1 MJ −1 mm −1 ). In this study this conservation practice factor was assigned the maximum value of one (1) across the entire study area. The reason for this is that there are no significant conservation practices in the study area.
The erosion risk map obtained by RUSLE model showed soil loss between 0 and 4185 t/ha/year, with an average of 95 t/ha/year. Areas with a major loss were Gbonné, Man, Biankouma Facobly (Mountains Region) ( Figure 2) . The classification of soil losses estimates has showed five classes of soil erosion risk ( Figure   3 ); 23% of the area was at very high risk; 24% of the study area are occupied by high risk; the moderate risk is occupied by 33% of the basin area; the low risk was has represented 11% against 9% occupied by very low risk. Around the Buyo Lake dam, there was also a high risk of soil erosion which has induced a risk of pollution in the Buyo Lake. Areas with high and very high risk were characterized by a steep slope (>50%), low vegetation cover due to agriculture. Areas with low and very low risk were characterized by low slopes and dense vegetation This situation can be explained by phosphorus field measurements level that prove a weak upstream Buyo Lake because erosion is strong. These rates vary from 1.9 to 13.75 μg/L. At Buyo Lake, analyzes showed rates ranging up to 93 μg/L due to sediments deposition delivered from upstream to the Lake.
The results of erosion risk under scenarios study are summarized in Table 3 and Table 4 . The risk map obtained with scenario 1 (Figure 4) Figure 4 . Erosion under scenario 1 (dense forest and crops with a high percentage of mulch association).
Soil losses using the scenario 2 ( Figure 5 ) vary from 0 to 2415 t/ha/y, with an average of 66 t/ha/y, a reduction of 31% compared with the reference. The application of scenario 2 gave an erosion risk map with 12% of very low risk, low risk of 9%, 49% at moderate risk, 17% of high risk and 13% at very high risk.
Under scenario 2, we noticed, also, that central and western parts of the basin were at higher risk of erosion. This can be explained by mountains slopes and agricultural activities. However, there was a decrease in high and very high risk of 7 and 10% respectively in benefit of moderate risk which increased from 33 to 49%, a gain of 16%. Compared with scenario 1, scenario 2 was considered less effective, but can be used to fight against erosion in agricultural land of this region.
Soil losses estimated using scenario 3 were ranged from 0 to 1552 t/ha/y, with an average of 30 t/ha/y ( Figure 6 ). The results obtained under this scenario were similar to those from the scenario 1. It was noted indeed a 68% reduction compared to the reference. The risk map obtained showed 7% at very high risk, 4% of high risk, 24% of the basin at moderate risk, 27% and 38% Soil loss map obtained by the combination of scenario 2 and scenario P indicated that sediments losses were ranged from 0 to 242 t/ha/y on the entire watershed ( Figure 8 ). The average of these losses was 5 t/ha/y, a 95% reduction compared to the reference map. The categorization of these soil losses gave 5 levels of erosion risk: very high (0.3%), high (1%), moderate (7%), low (49%) and very low (43%). For this scenario, we noticed, that high risk and very high risk were occupied a very thin part of the catchment area (1.3%). It was thus possible to increase the low and very low risks of respectively 38 and 34% compared to the reference. The establishment of straw mulch after corn and sorghum harvest in areas with high agricultural activities is very effective in the fight against erosion by water. The results showed the impact of the vegetation cover on soil loss in the study area. The farming practices scenarios simulated indicated that the most effective is the scenario 4 (palm, coffee, cocoa with mulch association), followed by scenario 2 and scenario P combination, then come the scenarios 1 and 3; the least effective scenario is the scenario 2 ( Figure 9 ).
Discussion
Precipitations data used come from 10 climate stations. The interpolation of these pluviometric data which are not only specific to Buyo Lake watershed may, also, induce uncertainties that could influence the modeling. However, a large number of climate stations are essential to consolidate our results. Regarding soil and land use maps, the major problem remains the scale. The soil map has a scale of 1/5,000,000 that is very rough. The scale of the land use map whereas is 1/200,000. These coarse scales generate losses of information on the maps and Moreover, the dominance of degraded range lands and crop areas are considered very sensitive to erosion (Yjjou et al., 2012a) . In Buyo Lake basin, although agriculture is developed, no practice is done for soil conservation, while contour plowing, ridging, or contour ridging are anti-erosion practices that limit runoff and erosion (Payet et al., 2011) . In addition, according to Yjjou et al. (2012b) , the slope values are highest near the banks. This is why a very high risk is highlighted in the area around Buyo Lake. If the decrease of vegetation cover causes erosion, its increase reduces runoff velocity and limits erosion phenomena by increasing infiltration (Rios, 2010) . According to this author, forests characterize areas of very low sensitivity, while arable land characterizes areas of high sensitivity to erosion. Grasslands and forests are protective of the soil from erosion.
The works from Hassan et al. (2013) in the western Bekaa in Lebanon have, also, revealed the importance of vegetation in the fight against erosion. According to authors mentioned above, the territories covered by dense forests, which cover about 90% of the surface, no suffers physiological change during periods when rainfall intensity is higher. This is what explains the very low, low and moderate risks observed in some places characterized by the presence of dense forests and dense vegetation. In that concern, the model implemented in our study showed the importance of the vegetation cover in the fight against soil erosion by water in agricultural areas. Generally, all tested scenarios enabled to minimize the erosion risk.
At the issue of analysis of all tested scenarios, we notice that the mountain Re-Journal of Geoscience and Environment Protection gion in the studied zone (western and central parts of the catchment area) remains the most exposed to the phenomenon of soil erosion by water as, also, describe Kouadio et al. (2007) . However, the availability and quality of data often impact the results. Indeed, we are in general faced with the DEM resolution problem. In our study, the DEM used has a resolution of 90 m may cause relative over estimation of LS factor. A resolution of 25 -30 m would be more desirable to avoid loss of information and strengthen the model.
Conclusion
The results of this study indicate that the Mountain Region of the Western of Cote d'Ivoire has a high to very high risk of soil erosion by water, respectively, of 23% and 24% in the Buyo Lake watershed. The significant potential losses of soil found in that region predispose waterbody of this dam to sedimentation and eutrophication. Agricultural practices for the tested scenarios against erosion have shown their efficiency in general. However, the most effective is the scenario 4 and the combination of scenario 2 and scenario P. These scenarios have reduced until 98% and 95%, respectively, the average soil loss compared with the reference. The establishment of crops such as palm, coffee, cocoa, dense vegetative cover and a mulch of straw after corn and sorghum harvests in areas of high agricultural activity is very effective for minimize soil erosion by water. These practices may be recommended in this watershed or other agricultural watersheds for integrated natural resources (water and soil) management for the welfare of the environment and water bodies in river or lacustrine catchment areas in similar relief zones.
